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Abstract

Complex quality control (cqc) was a nhew concept when introduced
to NCEP by Lev Gandin in the late 1980’s. The basic idea is that no
decisions are to be made on data quality until the results from all
checks, in numerical form, are available. In addition, data are to be
corrected when possible. Since Lev’s arrival at NCEP, the author has
worked with him to introduce cqc for the quality control of rawinsonde
heights and temperatures and Doppler profiler winds. The principles
were also used in the quality control of many other data types.

This note describes the code that resulted from rethinking the
strategy for rawinsonde heights and temperatures. The mandatory and
- significant levels are now treated together, rather than first all the
-~ mandatory levels, and then the significant levels. The data are
considered, one level at a time, from the ground upward. There is also
a greater opportunity for complex errors to be corrected since,
whenever an error is corrected, then all residuals are recalculated and
computations begin anew from the lowest level. Only after all possibly
correctable errors are considered are observational errors looked for.

The note begins with a general consideration of errors, then turns
to methods of error detection and correction. The detail becomes
higher as the code specifics are described. Sample output from the
code is described, examples are given, and statistical results of use of
the code are presented.

1. Introduction

Errors in meteorological data come from several sources. There
are instrument and processing errors, such as rounding which are
largely random, unbiased and small in magnitude. These errors are
unavoidable, and are also unimportant for almost all uses of the data.
There are so-called errors of representativeness. These are not actually
errors at all but the sampling by the instrument of a local value of the
variable whose scale is not representative of the environment for a
particular use of the data. For instance, the temperature within the
updraft of a thunderstorm would not be representative of the
environment for use of the data by a global forecast model assimilation.
The third category of errors will be called rough errors. It is the quality
control (qc) of these errors, to be described in some detail in the next
paragraph, that are the subject of this note, especially those in the
height and temperature of rawinsonde soundings.



Rough errors, as the name implies, are generally moderately to
extremely large. They are not random, and bias is not a suitable
measure for them. There are two main classes of rough errors,
stemming from their origin: those made by human action, and those
due to observation instrument failure of some kind.

The rough errors due to human action may be due to the
incorrect writing of a number or incorrect coding of a value. Errors of
this nature are referred to as communication errors. Rough errors may
also be due to a computation error, e.g. in computing heights. Both
communication and computation errors may usually be corrected.

Rough observation errors are generally due to gross instrument
failure or miss-calibration. However, observation errors of moderate
magnitude may sometimes be misidentified since the measures to
evaluate them are not perfect and also because they can be confused
with errors of representativeness.

The WMO code for the transmission of upper-air data requires
that both geopotential height and temperature, along with dew-point
depression, be sent in the message. The inclusion of heights and
temperatures/dew-point temperatures is redundant since the heights
are hydrostatically calculated at each station from the temperatures and
dew-point temperatures at known pressures. Rough errors of
communication or computation type may therefore be diaghosed and
an error correction suggested by the hydrostatic inconsistencies
between the reported heights and temperatures.

The objective of complex quality control for rawinsonde heights
and temperatures (cqcht) is to detect rough errors--communication,
computation and observation errors--and to correct as many
communication and computation errors as possible. It is sometimes
impossible to distinguish errors of representativeness from observation
errors. However, it is the intention not to identify errors of
representativeness. (See Gandin, 1988 for a discussion of errors.)

Many of the possible errors in rawinsonde observations are
illustrated in Fig. 1. There are errors than can occur in instrument
manufacture or calibration and instrument failure. Many types of errors
can take place at the observing cite, whether the data is processed
manually or automatically. And there can be errors en route to and at
national processing centers. In the figure a superscript c indicates a
“‘communication” error and o indicates an “observation” error.
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Fig. 1 Errors associated with rawinsonde
observations and processing.

Section 2 gives the general principles of error detection. Itis
seen that it is the properties of meteorological data itself that allows
errors to be located. The next section, Section 3, goes on the tell the
various checks that are used in error detection. More specific ideas on
error detection principles of cqc are given in Section 4. Section 5 goes
into the methods of error correction and complex quality control.
Section 6 goes into more detail with the design characteristics of the
algorithm that makes the actual quality and correction decisions, the
so-called Decision Making Algorithm (DMA). Section 7 outlines the low
level routines that make the actual error corrections. The various
outputs that are produced are described in Section 8. Examples of
various errors are given in Section 9, and statistics of error detection
and correction are shown in Section 10. The general reader may wish
to skip Sections 6-8, since they progressively go into more detail. The
user of the results of cqcht96 will especially want to look at Section 8.

2. Detection of rough errors

The detection of rough errors in rawinsonde heights and
temperatures requires skills in several disciplines, including
meteorology, mathematics, and psychology. For this reason, it may be
likened to the work of a criminologist. As the story of the methods of
error detection and correction unfolds, it is seen how knowledge from
each of the disciplines is used.



Meteorological fields are, by and large, smooth, except in the
vicinity of fronts, near convective systems, and near rapid surface
property changes. The degree of this smoothness may be measured by
correlating a variable, or its departure from climatology or a forecast, at
a position with its value at other positions separated horizontally,
vertically or temporally. The variation of such correlations is important
in the design of data assimilation methods, and also for cqcht. Itis only
because the spatial scales of such correlations are much larger than the
resolution of assimilation models that an assimilation is at all possible.
Without sufficiently large correlation scales for meteorological
variables, several tools used in the qc of data would also be ineffective.
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Flg 2 Observed -minus- background correlatlon
for the 500 hPa geopotential as a function of
distance between stations. Curve cis for
climatological background and curve fis for a
forecast background. (Copied from Atmospherlc
Data Analysis, Daley, p. 114.) :

Fig. 2 shows the variation with distance of the deviation of the
500 hPa geopotential from both climatology and a forecast. The
correlations fall by half in about 500 km, thus implying that data at
least that far away would be useful in checking a geopotential value.
Similar correlations have been derived for vertical and temporal
separations, with similar results. Naturally, the vertical correlations fall



off rather rapidly, but rawinsondes have good vertical resolution, so the
falloff to the nearest levels is usually not large.

A vertical temperature profile will generally contain lapse rates
that are stable or at most slightly unstable. This may be used to
diagnose temperatures that are suspect and to check “corrected”
temperatures.

The redundancy in the reported heights and temperatures and
the use of the hydrostatic approximation to calculate the geopotential
heights, in the first place, leads to a powerful method for the diagnosis
of errors. Hydrostatic inconsistencies between the reported
geopotential heights and temperatures may be used to determine
which datum is in error and to suggest a correction. The lack of
hydrostatic inconsistency, likewise, may be used to imply that any
errors are not communication or computation errors, but rather
observation errors.

In modern forecast models, the forecast heights and
temperatures are highly accurate and therefore any large deviation of
data from the forecast makes them suspect, especially if the difference
from the first forecast changes horizontally or vertically. The difference
of the data from the forecast will be used in several of the checks to
diagnose errors, sometimes to suggest corrections, and to validate any
corrections made. The next section will give more detail on the various
checks. Previous results of monitoring for rough errors in reports was
reported in Gandin, et al, 1993

3. The checks

The various checks use the properties of meteorological fields
and the redundancy of heights and temperatures, along with the
hydrostatic approximation to make independent assessment of data
quality. The checks are: increment, horizontal statistical, vertical
statistical, lapse rate, hydrostatic and baseline. The remainder of this
section will define the check results. Earlier versions of cqgc for
rawinsonde heights and temperatures included most of the same
checks (see Collins and Gandin, 1990; Collins and Gandin, 1992).

a. Increment

Recognizing the value of a 6-hour forecast in identifying errors, the
increment (or observed increment) is calculated, defined as the
difference between a reported value and its forecast value, interpolated
both horizontally and vertically to the data location. Within NCEP’s
operations the data is provided to cqcht96 in a locally defined BUFR
format called prepbufr. In prepbufr, the guess (6-hour forecast) values,
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Fig. 3 Height increment mean and standard

deviation for all stations for a single time: 00
UTC 3 March 1997.
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standard deviation for all stations for a single
time: 00 UTC 3 March 1997.




interpolated to data locations, are already part of the file when used by
cqcht96. Thus, the calculation of the increment is just

I=0-GC

for each height and temperature, where /is the observed increment, O
is the observed value, and G is the 6-hour forecast value. Figs. 3 and 4
shows sample statistics for the height and temperature increments.
They show the mean and standard deviations for all observations for 00
UTC 3 March 1997, stratified by pressure.

For errors at the surface, it is useful to define the surface
pressure increment, the difference between the reported surface
pressure and the 6-hour forecast surface pressure, vertically adjusted
from the model terrain to the station elevation.

b. Horizontal statistical residual

The horizontal statistical check performs horizontal optimal
interpolation. A value of increment is interpolated from at most four
surrounding values, the closest one from each quadrant (less than 1000
km distance), to the observed increment location. The horizontal
residual is defined as the difference between the observed increment
and the interpolated increment.

The horizontal residual is calculated as
4
SP =1~ Z w;l,
i=1

where S/ is the horizontal residual (at a point ), lis the observed
increment, and w are the weights, determined from
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where the unknown weights are w, ¢ is the ratio of 6-hour observation
error variance to forecast error variance, given the value 0.5, and v is
the correlation between the increments at points i and j. The '
observation point is denoted by the subscript 0. The correlations are
modeled with a squared exponential that depends only upon distance.
It is shown in Fig. 5 and is given by



r; = exp(-kd;’).

The constant, k, has the value 3.5x10° m?2. The equation for the
weights is solved by a standard matrix method.
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Fig. 5 Horizontal height auto-correlation as a
function of distance assumed by horizontal

check.

c. Vertical statistical residual

The vertical residual is the difference between the observed
increment and the increment interpolated vertically from the nearest
data points for the same station, one above and one below. Thus, the

vertical residual is given by

v __
S/ =h-w il —-w i,

where -1 is the first level below and /+17 is the first level above the data
level, /. The weights are determined to give minimal rms. error. For a
formulation of the problem and solution, see Thiebaux and Pedder,
1987, chapter 4. The weights are given by

W = O+ 700 = Hyaigg d B A+ 70 = il
W= 2 = 2
: (+7Y =y (+7) =¥y



where r_is the vertical correlation of increments between level jand j
and y= 0.5 is the assumed ratio of the observation to 6-hour forecast
error variance. The vertical correlation model used is

1
2
5]
bn/

The value of ¢ is 1.1 for height and 8.0 for temperature. Fig. 6 shows
the correlations as a function of the ratio of the two pressures. The
height correlation falls off much more slowly because of the large
vertical correlation of the height increment through the hydrostatic

approximation.
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Fig. 6 Assumed vertical variation of auto-
correlation of height and temperature as a
function of the ratio of the two pressures.
These variations are used by the vertical
checks.

d. Hydrostatic residual
As stated previously, the complex of hydrostatic residuals is
necessary for determination of error types as well as providing the



information needed for accurate error correction. It is noted that a
hydrostatic residual is only available between mandatory levels where
both height and temperature are available. The hydrostatic residual is
the difference between the thickness computed by the heights, and the
thickness computed from the temperatures. When there are no
commuhnication or communication errors, the hydrostatic residuals are
small. There are several variants of hydrostatic residual that are
possible depending upon whether:

a. only mandatory level information is used, or significant level
temperatures are also used,
b. moisture data (dew-point temperature depression) are used.

The problem with using moisture data is that it is almost impossible to
quality control. However, in cqcht96 it is used if its use does not
greatly modify the value of the hydrostatic residual, compared to its
value without its use. In the following equations, it is assumed that the
temperature is the virtual temperature, and two forms will be given. In
the first, only the layer bounding level mandatory heights and
temperatures are used. In the second, any intermediate significant
level temperatures are also used.

The hydrostatic residual for a layer between two mandatory
levels, /T and /2, each containing a height and temperature, and using
no intervening significant levels, is

Stz =2 — 2y —Appp — By (Ty +T3)

where T is the (virtual) temperature in Celsius and z the geopotential
height. The coefficients A and B are given by

RT, p R |[p
A :——"Ir(ij and B :—Ir(-—”—j
2 g P ez 29 \pp

where T =273.15 K, R is the gas constant for dry air and g is the
acceleration of gravity.

When any intervening significant temperatures are also used, the
hydrostatic residual is

12-1

St =2 —2Zn—App - ZBIJH (T' + Ti+l)

i=N

where A has the same value as before and
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In the absence of error in any of the quantities used in computing it,
the hydrostatic residual is small, but not necessarily zero since the full
set of temperatures used at each reporting station to compute the
heights is generally not available.

Sometimes it is useful to scale the hydrostatic residual so that it
has the units of temperature. Such scaling will be seen in the
examples. It is done by dividing the hydrostatic residual by B:

XHJZ = SI],IZ / Bn,lz

e. Baseline residual

The baseline residual is a measure of the mismatch between the
lower heights and temperatures of the upper-air report and the station
elevation. It is computed by making a hydrostatic computation
downward from the first complete (i.e. level with non-missing height
and temperature) mandatory level above the surface to the reported
surface pressure. The baseline residual, §, is the difference between
the station elevation, given by the report, and the hydrostatically
determined height at the surface pressure. It is

23 (T + 7}+])In(%f'—]}

where the sum is over the Iayers as stated above and z is the height of
the first complete mandatory level above the surface. The (virtual)
temperature is in Celsius. The baseline residual has units of height.

s'=5-2,+%| e

It is sometimes convenient to consider the baseline data
mismatch from a different point of view. One may ask what the
pressure inconsistency is between the reported surface pressure and
the pressure obtained when working down hydrostatically from the first
complete mandatory level to the reported station elevation. By this
computation the surface pressure residual is obtained, given by

11
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where s_refers to the first level above the surface. Other symbols have
the same meaning as before, and the summation is over the same
layers. Fig. 7 shows the arrangement of data for this check.

Baseline Residual
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baseline residual = z(p,) - z,

Fig. 7 Arrangement of variables for the
baseline residual. The hydrostatic computation
proceeds downward from the first complete
mandatory level to the station elevation, using
any intervening (virtual) temperatures.

f. Lapse rate check

The lapse rate is computed between each temperature and those
immediately above or below. The lapse rate is placed in one of four
classes: 1) absolutely stable, 2) conditionally stable (stable with respect
to unsaturated air but unstable with respect to saturated air), 3)
unstable, and 4) unstable with loose limits.

The division between absolutely stable and conditionally stable is
defined by the dry-adiabatic lapse rate:
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1
Cpa
with
c,s =10045 ) kg’ K’

Ya =

where c,lis the specific heat at constant pressure for dry air. The lapse
rate is condltlonally stable if the lapse rate is between the dry-adiabatic
lapse rate and the rate for the saturated adiabat.

The saturated adiabatic lapse rate is given by

cle,
ir, g PTRT,
*=74z "¢, & e,
¢, RTS
with
17.2697T.
e, =6.1078 exp(m}

&= 0622

R, =287.05] kg’ K*

R, = 4615 ) kg' K’
=(2501-.00237T,)-10° J kg’

In these formulas, T is the temperature in Kelvin, while T is the
temperature in Celsius. (T =T -273.15)

The lapse rate is defined as -dT/dz. It is approximated between
levels p, and p, with temperatures T, and T, by

.
o7
AT dTdp gdinT g \T.

¥="dz " " dpdz Rdlnp:_l(p+j’
v
and the lapse rate with loose limits is defined as
[n + 2.)
g In T
Vicose = 15
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In summary, the lapse rate classes are determined as follows:
4) Ify__ > g/cp, then the rate is absolutely unstable with loose limits,
3) Elseify> g/cp, then the rate is absolutely unstable,
2) Else if y> ys and y < g/c, then the rate is conditionally stable, and
1) Otherwise, the rate is aEsqutely stable.

The lapse rate only gives a limiting condition and therefore is not
a very powerful check. It is used in the preliminary evaluation of
temperatures to eliminate bad data from the horizontal check. And the
lapse rate check is also used in the search for observation errors.

4. Detection of Errors—Complex Quality Control

Some general principles must be emphasized for cqc. All of the
residuals are calculated before any decisions are made, and the cqc will
use the agreement of the values of the various residuals, including
increment, in making its decisions.

It is not only the residuals at the suspected error location that are
important, but also the pattern of the residuals within the vicinity. This
is true since, of all the residuals, only the increment does not involve
data at other locations. The vertical, hydrostatic, lapse rate, and
baseline checks all use data separated vertically, while the horizontal
check uses data separated horizontally.

Put in another way, an error in height, say, will affect the
increment at the data location, the hydrostatic residuals for the layers
above and below (perhaps also the baseline residual), the vertical
residuals for the data levels above and below, and if not properly
eliminated from use, the horizontal residuals at neighboring points at
the same level. A temperature error would, in addition, affect the lapse
rates for the layers above and below.

Some of the dependency of the check results is illustrated in Figs.
8-10. Fig. 8 shows the effects upon the residuals for a temperature or
height communication error at a mandatory level. The error in the data
is assumed to be positive, indicated by “+”. Note that the vertical check
for temperature uses the nearest temperature above or below, whether
they be at mandatory or significant levels. The horizontal check is only
performed at mandatory levels. Two neighboring points are shown in
the figure. The “-“ at several of the data points is meant to indicate that
the error would have an impact of negative sense upon checks at these
points. For a positive temperature error, both hydrostatic residuals are
positive, indicated by “+”. If the error were in height, then the lower
hydrostatic residual would be positive, and the upper hydrostatic
residual would be negative.
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Residuals at Mandato‘ry Levels

vertical

hydrostatic

“4—— increment

vertical

hydrostatic

significant level

Fig. 8 Arrangement of variables for check at
mandatory level. A positive height error is
assumed. For a positive temperature error, the
lower hydrostatic residual would be positive
and the upper on negative.

Fig. 9 shows the residuals associated with a temperature
communication error at a significant level. Again, the vertical check
uses the closest temperatures above and below. The ““ at levels used
in the vertical check indicates a negative influence upon vertical checks
of the data at these levels. The lapse rate checks use the same
neighboring levels. No horizontal check is available at significant
levels. While hydrostatic checks cannot be made above and below this
significant level, a hydrostatic check can be made that includes the
level. This check residual will be affected by any communication error
at this significant level and thus gives evidence of such an error.
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Residuals at Significant Levels
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Fig. 9. Arrangement of variables for checks at
significant levels.
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Fig. 10 shows the effect of a height computation error upon
various residuals. The vertical checks immediately above and below the
data error level are affected by a computation error, but the magnitude
of the residuals cannot be used to determine the magnitude of the
error. Therefore, vertical checks will not be further considered for this
kind of error. At levels below the error, hydrostatic residuals,
increments and horizontal residuals are unaffected. For the layer where
the error occurs, the hydrostatic residual has the magnitude of the
error. At all levels above the error, the increments and horizontal
residuals have (roughly) the magnitude of the error. A correction will
modify all heights above the layer of the error by the same amount.
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Residuals Due to Thickness
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Fig. 10 Residuals when there is a computation
error between levels 1 and 2. Note that all
levels 2 and above are in error by the same
amount.

The usefulness of each check for error determination may be
measured by its mean and standard deviation. Long-term averages of
these statistics are used in the decisions. Figs. 11 and 12 show the
check means for height and temperature for a sample day. And Figs. 13
and 14 show the check standard deviations. The hydrostatic check has
the smallest standard deviation, followed by the vertical, horizontal and
increment checks. The temperature standard deviations vary little with
pressure, while the height standard deviations grow for smaller -
pressure. The height check means also grow with elevation, while the
temperature check means are mostly small.
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Fig. 11 Check means for height for a sample

time: OOUTC 3 March 1997. Includes
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Fig. 12 Check means for temperature for a
sample time: OOUTC 3 March 1997.
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Check Standard Deviations
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Fig. 13 Height check standard deviations for a
sample time: OOUTC 3 March 1997.
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Fig. 13 Temperature check standard deviations
for a sample time: O0OUTC 3 March 1997.
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5. Correction of Errors—Complex Quality Control

The previous section emphasized the detection of errors. This
section will emphasize the principles used by cqc for their correction.
The various check residuals not only give information on the location of
an error, but also its magnitude. Therefore, it is essential that all
residuals be available before decisions are made. More specific
information of the design of the part of the algorithm that makes
decisions, called the Decision Making Algorithm (DMA), will be given in
the next sections. The DMA will use the complex of residuals in its
decisions.

Most correctable errors may be diagnosed by the complex of
hydrostatic residuals alone. However, other residuals are needed in
some cases to distinguish which variables are in error and in all cases
to confirm a suspected error. In any case, it is the hydrostatic residuals
that distinguish between communication, computation, and observation
errors. A computation error is signaled by a single large hydrostatic
residual, communication errors by multiple large hydrostatic residuals,
and observation errors by lack of large hydrostatic residuals.

The reported geopotential heights are calculated at each station
from the observed temperatures, relative humidity and pressures.
Accurate enough representation of the full set of observed values is
present in the WMO coded message so that, in absence of error, the
hydrostatic residuals are quite small. In fact, this is confirmed by the
very small standard deviations for the hydrostatic check as already seen
in Fig. 13. (The mean value of the hydrostatic check is practically 0.,
shown in Fig. 11.) Therefore, the redundancy in the reported heights
and temperatures places the hydrostatic check in the unique position
that its values do not merely give estimates of error magnitudes but
rather gives highly accurate estimates of an error magnitudes.

The accurate estimate of the error magnitudes makes the attempt
to recover an original value tenable. The attempt is made even more
reasonable by the fact that most communication and computation
errors come about by direct human action: writing down numbers or
typing them incorrectly, miss-coding the data, making computation
errors, etc. The most common errors are a sign error (to temperature),
single digit error or interchange of digits. Cqcht96 specifically looks for
corrections to errors of these kinds. Such corrections are called
“simple” corrections. Inspection of the corrections that the code makes
shows that most are simple.

A correction, to be valid, must fit surrounding data. Therefore, no

correction is accepted unless all residuals are made smaller by its
introduction. In most cases, the original correction magnitude is given

N



by the complex of hydrostatic residuals. It may then be modified to
make it simple. Next, the provisional correction is checked to see if all
residuals are made smaller. If they are, then the correction is accepted.
If they are not all smaller, then a new provisional correction is formed
as a weighted average of the available residuals. This provisional
correction is again possibly made simple and then tested for
acceptability, being finally accepted or rejected. If, in the end, no
correction is made, then the datum is flagged questionable or bad,
depending upon the magnitudes of the residuals.

Any correction is allowed to influence later decisions, thus
allowing in some cases for rather complicated corrections. The
decisions are performed from the lowest to the highest level, and
whenever a correction is made, all residuals are recalculated and the
decision making begins anew from the bottom. In this way, several
scans may be made, with one correction on each scan. Observation
errors are considered only on a final last scan.

6. Design Characteristics of the Decision Making Algorithm

Some of the characteristics of the DMA have already been
outlined. This section will go into considerably more detail.

The quality control is performed from the lowest level upward,
including both significant and mandatory levels. When a correction is
made, then the residuals are recalculated and a new scan through the
data is begun from the bottom.

An early concern in the design of the DMA was to make this
cqcht96 as generally applicable as possible. On way to do that would
be to make it, so far as possible, station independent. Now, the only
check that requires information from other stations is the horizontal
check. Further, it was seen in Figs. X and Y that the increment check, at
least for a good forecast model, is nearly as accurate as the horizontal
check. With these facts in mind, it was decided to make the code so
that it would operate well without the availability of the horizontal
check. This would allow efficient testing, on workstation or even PC, of
the DMA. '

Furthermore, it is desirable to calculate the horizontal check only
once, and not on each scan. In order to avoid recalculating the
horizontal residual, it is necessary to be sure that the value of the data
at influencing stations would not change as a result of gc actions, i.e.
that they are good from the beginning. Therefore, the following
procedure is made: 1) calculate all residuals, except the horizontal
residual, 2) make a preliminary quality judgment based on these
residuals, 3) calculate the horizontal residuals, excluding from use any
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data that receive a preliminary judgment of bad. With this procedure,
ahy correction to a value during the gc scans will have a simple effect
on the horizontal residual so that it need not be recalculated from
scratch.

LEVELS © VAR TYPE DESCRIPTION
________________ T 224  sig, middie or top, above top mand fevel
z,T 140 mand, top

________________ T 22

—————— 2,T 132 mand, upper hole boundary
———————————————— T 220

T 150  mand, incomplete

———————————————— T 220
_— T 150  mand, incomplete
———————————————— T 220

PRESSURE

_— 2T 131‘ mand, lower hole boundary

2,T 130 mand, middle

________________ T 220 sig, middle ortop

T rrz 251 240 surface

— 2 110  mand, below ground
Fig. 14 Assignment of level types, below
ground, surface, and mandatory and significant
levels above ground.

The logic used by the DMA is determined by which checks are
available and relevant, and this is, in turn, determined by the type of
level. Fig. 14 shows the various level types. A statement about each
type is made:

110 - mandatory, below ground

Sometimes there are mandatory levels reported below the ground
level. They are obtained by hydrostatic integration, generally at
the reporting station, to these levels with an assumed
temperature profile. Sometimes, these levels may be used
indirectly by NCEP operations, so they are qc’d by looking for
observation errors in them.
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240 - surface

The surface is a special significant level in that both height and
temperature are reported at this level, making it in effect a
mandatory level. It is also one boundary for baseline
computations.

120 - mandatory, first above ground
This level is special because it uses the baseline residual below it,
but the regular hydrostatic residual above.

220 - significant, middle or top

This is the usual significant level. The vertical and increment
checks are most powerful. No correction will be made unless
there is evidence of a large hydrostatic residual in the layer
containing this level.

131 - mandatory, middle, lower hole boundary ,

A hole refers to a significant pressure interval through which data
are not available for accurate hydrostatic calculations. Itis
specifically defined as a layer, containing at least two
intermediate mandatory levels which do not have complete data,
i.e. height or temperature missing. Surface type 131 refers to the
lower (in height) boundary of a hole.

150 - mandatory, incomplete

This is a mandatory level with height or temperature missing.
Two or more adjacent surface type 150 levels are contained
within a hole.

132 - mandatory, middle, upper hole boundary
The upper boundary of the hole, corresponding to surface type
131.

130 - mandatory, middle
The usual mandatory level, containing non-missing height and
temperature.

133 - mandatory, middle, isolated

It is possible that a mandatory level have a hole both above and
below. In such a case, the surface type is 133. For such a level,
the useful residuals are limited to increment and horizontal.

140 - mandatory, top

The top mandatory level is special because a hydrostatic residual
is only available below.
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224 - significant, middle or top, above top mandatory level
At such a level, no layer hydrostatic residual is available.
Therefore, only observation errors can be examined; no
corrections are warranted.

The first step in the DMA is to determine the surface type. There
is specific logic for each surface type. This logic will be discussed in
following subsections. However, there are a limited humber of specific
errors that are considered and even fewer routines that determine
them. Table 1 lists the specific error types, giving an error type
number for each.

Table 1. Errors Detectable by Complex Quality Control
for Rawinsonde Heights and Temperatures

Description

Communication and Computation Errors
Errors at a Single Interior Mandatory Level
Single height
Single temperature
Height and temperature at the same level
Height and temperature at the same level with residual compensation
Errors at the Top Mandatory Level
5 Height, temperature, or both
Computation Error in Height at Mandatory Levels
6 Height computation between any two mandatory levels
Errors at Adjacent Mandatory Levels
7 Height at two adjacent levels
8 Temperature at two adjacent levels
9 Height at the lower, and temperature at the upper of two adjacent levels
10 | Temperature at the lower, and height at the upper of two adjacent levels
Errors at Significant Levels
20 Significant level temperature corrected .
21-25 | Non-correctable significant level temperature errors
Surface Errors
100 | Surface pressure communication error
102 | Surface temperature error
105 | Likely surface temperature error, too small to correct
Undetermined error(s), possibly in surface pressure

106 | Surface pressure observation error
Observation Errors

30-35 | Temperature observation errors, rejected or used with reduced weight
36,37 | Height observation errors, rejected or used with reduced weight

WN =

Each group of errors in the table, separated by a horizontal line,
has a separate routine for its diagnosis. It is convenient to introduce
their names now as a shorthand notation for future reference. For
errors at a single interior mandatory level, types 1, 2, and 3, the routine
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called is ERR123. For errors at the top mandatory level, type 5, ERRS is
called. For computation errors, type 6, COMPER is called. For errors at
adjacent mandatory levels, types 7-10, the routine ERR710 is called.
For errors at a significant level, types 20-25, the routine SIGERR is
called. And for observation errors, types 30-37, OBERR is called. The
details of each of these routines will be outlined after consideration of
the logic associated with each surface type.

Each surface type may potentially have errors in several groups.
From the magnitudes of the hydrostatic residuals available, which
errors to consider is determined. The following sub-sections discuss
this in more detail.

a. Surface type 130 - mandatory, middle

The examination begins with the hydrostatic residuals. For a
surface type 130, the hydrostatic residuals are available both above and
below, and may also be available at the next level below as well. Each
of these 3 residuals is examined to see if it is large, with subsequent
action depending upon the result. The code decides between possible
observation errors, errors at a single level, errors at multiple levels, or a
computation error. Each of these error types is represented by a
subroutine where the actual checking and possible correction is
performed. However, since computation errors are checked on a
separate, last scan through the data, they are not checked here.

b. Surface type 120 - first mandatory level above the surface

The only way that the first mandatory level differs from any
middle mandatory level is that the hydrostatic residual for the layer
below the data level is replaced by the baseline residual. Otherwise the
logic remains the same. Errors may be observation (considered on the
last scan, separately), errors to one or more values at 1 or 2 levels, or
computation errors.

c. Surface type 240 - earth’s surface

The earth’s surface is special because of the use of the baseline
check and because of the multiplicity of kinds of errors that are
possible. There can be a surface pressure communication error, surface
pressure observation error, surface temperature error, or undetermined
errors. In addition, there can be an error in the station elevation, but
this can only be established by a history of the baseline residual for a
month or more.

Each error at the surface has characteristics that distinguish it
from others. The objective is to choose the type that best fits the
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residuals. Table X shows some basic information on the various
residuals for the different surface errors. The error is assumed to have
the magnitude p.

Type of error BASRES PSINC PIS

p, - communication p-(dz/dp) p > PSLIM p

p, - observation 0. 0. p > PSLIM
Ts z> 20. z/(dz/dp) 0.
Other >20. or > PSLIM  or > 2-PSLIM

In the table, dz/dp is the vertical derivative of height with respect to
pressure. As seen below, it is estimated hydrostatically. PSLIM is a
constant with value 3.0 hPa.

In the table, BASRES is the baseline residual, PSINC is the baseline
residual in terms of pressure, and PIS is the surface pressure increment.
A further description of the conditions that distinguish between the
surface errors is given below.

1. Surface pressure communication error (type 100)

For a surface pressure communication error, the baseline residual
in terms of pressure (PSINC) and the surface pressure increment (PIS)
should be close to each other. Also, the closeness should be relaxed
somewhat for larger PSINC. These factors contribute to the definition of
R1, which should be small for a surface pressure communication error.
If [PSINC| > PSLIM and PSINC # missing, then calculate R1:

~ IPSINC - PIS|
~ PSLIM - C1-In(/PSINC])

R1

If R1 < 1., then the error could possibly be a surface pressure
communication error, but other possibilities must be checked as well.

2. Surface pressure observation error (type 106)

For the diagnosis of a surface observation error, there are two
factors that must be taken into account. First, there must be
agreement between the surface pressure increment and the height
increments. And second, the height increments must be consistent
vertically. Naturally, the increments must be large enough in the first
place to indicate that there is an error.

For a surface observation error, the baseline residual (BASRES) is
small, while the surface pressure increment (PIS) is large. As indicated
above, PIS should correspond to the increment of the first mandatory
level height, with opposite sign. To make the values comparable, the
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height must be divided by dz/dp, the derivative of height with respect
to pressure. It is approximated by

dz RT.+T,

ar g P

where the variables have the same meanings as before and p,_ is the
pressure at the first mandatory level above the ground.
If [PIS| > PSLIM (indicating an error) and PIS is non-missing,-and—
“BASRES>2-0-and-BASRES-is-ner-missing;-then calculate R2 and R3:

| ‘PIS ~Zl,, —;—%
Re=""pstim
sx/ 42
R3 = L 9P
PSLIM

where ZI is the height increment at the lowest complete mandatory
level and SX is the standard deviation of the height increment at all
levels. R2 measures the agreement between the surface pressure
increment and the height increments, while R3 measures the
consistency of the height increments themselves. An additional
measure of the height increment agreement, RS, is also calculated:

dz
V4| 1Y 4] M VE’;

RS = PSLIM

Whichever of R2, R3/0.65, and R5 is largest, if it is less than 1.0, is used
to compare against the other possible surface error types.

3. Surface temperature communication error (type 102)

When there is a surface temperature communication error, the
surface pressure increment is small, but the baseline residual is large.
A preliminary temperature correction, TSCOR, is calculated based upon
BASRES. This estimated correction should be close to a weighted
average of the other temperature residuals, TCBEST. This is expressed
by R4, defined below, being small. If |BASRES| > 20 and BASRES is non-
missing, then calculate TSCOR and R4 as
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BASRES

i In(puwn]
29\ Py
_ [TSCOR — TCBEST|
h XINC

TSCOR = -

R4

If R4 < 0.25, then a surface temperature communication error is
possible.

The final selection of the most likely surface error is made on the
basis of whichever of R1, maximum of (R2,R3/0.65,R5), or R4/0.25 is
the smallest and less than 1.0. Otherwise, if there is still found to be an
error, an undefined type (105) is assigned.

d. Surface type 140 - top mandatory level,
and surface type 131 - lower hole boundary

The logic for these types is identical; neither has a hydrostatic
residual above that can be used for error determination. When the
hydrostatic residual for the layer below the data level is large, then
ERRS is called. As usual, the residual is called large when it exceeds
3.5 times the standard deviation of the residual, determined for an
extended period of time when there is no error.

e. Surface type 132 - middle mandatory level, upper hole boundary, and
top mandatory level, upper hole boundary, and
isolated middle mandatory level

Since the hydrostatic residual for the layer below would extend
over a very large pressure interval, it is unreliable. Therefore, no
correction of data is attempted for data for these surface types.

f. Surface type 121 - first mandatory level above ground, lower hole
boundary

The only relevant hydrostatic residual is the baseline residual. If
it is large then errors at the single data level are considered by calling
ERR123.

g. Surface type 220 - middle significant level

At a significant level, the hydrostatic residual for the layer
containing the level cannot often be used to determine the magnitude
of an error. Itis used in the weaker way by cqcht96 to indicate whether
or not there is a communication error. The effect of a significant level
temperature error upon the hydrostatic residual will extend only from
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the level upward and downward to the next significant or mandatory
level. For significant levels that are close together, this effect may be
quite small, even for a rather large temperature error. In order to
consider the possible effect of an error, the hydrostatic residual is
scaled by the logarithm of the pressure thickness. If the scaled value is
large enough, then a communication error is further considered in
SIGERR.

h. Surface type 244 - significant level, above top mandatory level

For a significant level above the top mandatory level, there is no
hydrostatic residual available, and thus it is impossible to know
whether a communication error is present. On the last scan, a search
for observation errors will be made.

i. Surface type 150 - incomplete mandatory level

If the height is missing from a mandatory level, then the
information available is the same as at a significant level, except that a
horizontal residual may be also available. At present, a surface type
150, which is a rare type, is treated the same as a significant level.

7. Detail of error correction routines

There is a unique routine for each of the error classes as
described before. Each of these routines may be called as appropriate
for more than one surface type. There are some general principles
followed in these routines that will be outlined first, thereby avoiding
repetition.

The first attempt at error correction uses the hydrostatic
residual(s) to make a suggested value. For a height correction, the
most accurate hydrostatic residual is calculated using significant as well
as mandatory level heights, while for a temperature correction, the
most appropriate hydrostatic residual is calculated with only mandatory
level data, allowing the error to be “felt” over the whole layer.

If an error is caused by human error, as most are, then the
hydrostatically proposed error should be close to the actual error.
Therefore, it is appropriate to look within the vicinity of this proposed
correction for a “simple” correction. Such a correction is one that would
lead to a change in sign, single digit, interchange of digits, or a
combination of these changes. In many cases a simple correction is
found, and it forms the basis for further testing. It is first rounded as
appropriate for the data type and level. The pressure is rounded to the
nearest 0.1 hPa, height is rounded to the nearest meter up to 700 hPa
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and to the nearest 10. meters above, and the temperature is rounded to
the nearest 0.1 degree.

A second proposed correction is formed as a linear combination
of the available residuals, weighted inversely as the long-term standard
deviation of each residual in the absence of error. If the hydrostatically
proposed correction is close enough to this “best” correction, then it is
accepted. If it is not close enough, then the “best” correction itself
forms the basis for the next trial solution. Near this value a “simple”
correction is sought, and the value is rounded. This proposed
correction will be accepted if it makes all the available residuals
smaller. If not, then the original “best” correction will likewise be
tested. In none of these corrections is good, then the value will be
flagged as bad.

a. Corrections to single height, single temperature, or height and
temperature at the same (mandatory) level

When hydrostatic residuals are large at two consecutive levels,
the corrections to single height, single temperature, or height and
temperature at the same (mandatory) level are appropriate. Cqcht96
calls the subroutine ERR123 to make the diagnosis. Three quantities
are calculated that help to decide between the possible error types.
They are:

H, =S} +5),

H, = 2A4B% + B
SL]

where L1 stands for the layer below the data level and L2 stands for the
layer above the data level. The level L1 may in fact extend to two levels
below if the necessary data are missing at the first level below. The
constant A has the value 7.0. Remember that $is the hydrostatic
residual calculated using all levels, while 5" is the hydrostatic residual
calculated only mandatory levels.

A height error is diagnosed if H < H, and T > A and the residuals

S;7 and S are both greater than 3.5 times their historical standard
deviation. The hydrostatically suggested height correction is:
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s, S,
BEZ BE]

1 1~
B, B,

ZCOR =

From this point, the analysis proceeds as discussed in the introductory
part of this section.

A temperature error is diagnosed if T, < Aand H, > H, The
hydrostatically suggested temperature correction is:

st ST
TCOR = [A + —ﬁj .
2 BL] BLZ

And the analysis proceeds from this value.

If the hydrostatic residuals S} and S/’ are both less that 3.5

times their historical standard deviation, then there is no error at all.
Otherwise, errors to both height and temperature are sought, with the
hydrostatically determined corrections defined by:

BLZSEZ — BL]Si]

ZCOR =
B,, + B,
ST+Sh
TCOR = ' —1%
B, +B,

The principles outlined in the introduction to this section are followed
in determining just what, if any, correction is to be made. The number
of possibilities is larger because of the attempt to correct two values
simultaneously.

b. Corrections at the top mandatory level

At the top mandatory level, or at the lower boundary of a hole,
only the hydrostatic residual for the layer below may be used in
assisting to correct a height, temperature, or both. The subroutine,
ERRS5, first tries a height correction. If that fails, it next tries a
temperature correction. And if that fails, it tries a correction to both,
where the trial corrections are the “best” corrections. If no correction is
possible, then the data are appropriately flagged.

The hydrostatically suggested height and temperature corrections
are given by:
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ZCOR = -S,
S -

TCOR =
B L1

c. Corrections to adjacent levels: 2 heights, 2 temperatures or 1 height and
1 temperature

When there are either three large hydrostatic residuals at
consecutive levels or two large hydrostatic residuals, separated by a
smaller one, then there may be errors in height and/or temperature at
two adjacent mandatory data levels. Four specific error types are
examined: type 7—error in height at the two levels, type 8—error in
temperature at the two levels, type 9—error in the lower height and
upper temperature, and type 10—error in the lower temperature and
upper height.

The diagnosis for these error types is rather complicated and not
particularly fruitful. It stretches the limits of what can reasonably be
done with cqcht, given the nature of the data and its random and
sampling error sources.

The diagnosis begins by defining four quantities, each of which
must be small for the corresponding error type to be likely. A
derivation of these quantities will not be given. The requirement that
these quantities be small can be considered to be existence conditions.
The quantities are:

B ISLI +55,+555

R7 =
A\/Bf, +B/, + B
S, 3 S, + SL3|
rg_ Bu_ B " Bl
V3A
B
Su +Sl_z - (ELAJSB
RO - 13
ABE +2B%,
B
Sy +S8;5- (B—LZJSLI
0
R10 = '

AyB}; + 2B},
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where all hydrostatic residuals use mandatory level information only,
i.e. all Sare §". Other quantities have the same meaning as before.

Combinations of the residuals must be of sufficient magnitude for
errors to be suspected. The following logical quantities are used in
assessing the necessary magnitude:

C2 = trueif ‘S“[ > Am

C3= trueif |S,;| > A{B +2B%

)
C5= trueif =t > A
L1
1S3
C6 = true if B—>A
L3

The most likely error type is determined from the following conditions.

Type 7 if R7 < 1 and C2 is true and C3 is true.
Type 8 if R8 < 1 and CS5 is true and C6 is true.
Type 9if R9 < 1 and C2 is true and C6 is true.
Type 10 if R10 < 1 and C3 is true and C5 is true.

The suggested corrections are given by the following formuias.
For type7—errors of two consecutive heights—the suggested
corrections are:

S 1 1 1
- BI; (Bz + B2 J +(SL2 +SL3) B2 B2
ZCOR” _ Ja| 12 13 12913

(L
BB B

1 S 1 1
—(5,+S ——+£(~+—j
o+ Su) g * 83, 7 ¥ 5

(LkQJ+J_
BE] BE’:’ BEZ 851833

ZCOR,Z =

where the levels I1 and 12 are the interfaces between the layers L1, L2
and L3.

For type 8—errors of two consecutive temperatures—the
suggested corrections are:
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.S

S S
— |z T2 i3
TCOR,, = 3(2 B, + B, BLJ
TCORIZ - 3 (2 BL3 * BLZ - BL]

For type 9—errors of the lower height and upper temperature—
the suggested corrections are:

S 2 -_S_u_ S L3
2 2 2
BLZ Bu BLZBLB

ZCOR" = 2 -l
B, "B,
S S S 1Y)
LZ2 + . i1 + £3 (__12__ + _2]
TCOR’Z — BLZBL] BLlBLZZ B§3 Bf_'l BLZ
T

And for type 10—errors of the lower temperature and upper
height—the suggested corrections are:

S 1 S
Su(1, 1), S
BL] BLZ BL3 BLZBL3

TCOR, = 2
B, B,
ngu +2 233 - 252
ZCOR,, = i
B B

The suggested corrections are tested for acceptability and the
corrections are made or the data are flagged.

d. Computation error corrections and errors to height and temperature at
the same level with hydrostatic residual compensation

When there is a single large hydrostatic residual, there are two
possible causes. The most common reason is a computation error in
working up the heights. In this case, all heights above the computation
error are in error by the same amount, namely the negative of the
hydrostatic residual. Therefore, for a computation error, the correction
for all heights above is:

2A



ZCOR = -S;,.

In the special case where the computation error takes place between
the surface and the first mandatory level, then the hydrostatic residual
is replaced by the baseline residual.

Unfortunately, there is a second possible reason for an isolated
large residual. When there is an error to both height and temperature
at the same level, then there is the possibility for the hydrostatic
residuals to become small at one of the two levels. Allowing for that
possibility greatly complicates the situation. Since that is a rather rare
occurrence, the details will not be given. In brief, the code decides
which type of error is most likely and then applies the tentative
correction. For a computation error, the correction is not accepted
unless the hydrostatic residual is made smaller for several levels above.
For the “type 3 with compensation” error, each or both corrections may
be accepted or the data flagged.

e. Errors in temperature at significant levels

No correction is attempted at a significant temperature level
unless there is evidence from the hydrostatic residual, calculated for
the layer containing the data level, that there was a communication
error. This is so because it would be inappropriate to make changes to
temperatures containing observation errors. Beyond this, however, the
hydrostatic residuals are not used for significant level diagnosis. The
residuals that can be used are the increment and the vertical residual.

The various residuals are scaled by their historical standard
deviations to give humbers NTI for the increment, NTV for the vertical
residual, NTVP for the vertical residual at the next level above, and
NTVM for the vertical residual at the next level below. The analysis of
significant level errors depends upon the value of these quantities.
There are 5 possibilities considered as described in the rest of this
section.

When NTI and NTV are both > 3.5, then an error is definitely
present and a correction is attempted. If the increment, Tl, and vertical
residual, TV, are close to each other, then the “best” correction will be
attempted. As usual, a simple correction is sought, and it is rounded
before checking. If this proposed correction is acceptable, it will be
used. If Tl and TV are not close enough to each other, then -Tl will be
tried in a similar way as a correction. In either case, if the correction is
not accepted, then the data quality is set to bad.
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When NTI > 3.5 (but NTV < 7) then the increment is large, but,
since there is some measure of vertical consistency, it would be
dangerous to make a correction. The data are marked as questionable.

It is desired to avoid flagging or “correcting” the Tropopause level
temperature. At such a level, the vertical residual may be large, but the
vertical residual should be small at neighboring levels. Therefore, when
NTV > 7 and NTVP < 5 and NTVM < 5, the quality is set to good.

In a little less clear case, when NTV > 7 and NTVP < 7 and NTVM <
7, the temperature at the data level stands out, but not as much as at
the Tropopause and not enough for the increment to be large. In this
case, the data quality is set to questionable.

In all other cases, the data quality is set to good. The reason for
the apparent influence of bad data upon the layer hydrostatic residual
must be found at other levels.

f. Observation errors

The term “observation error’ is used to signify errors from several
sources. These errors are looked for only after all correctable errors
have been considered and mandatory and significant levels are
examined together.

One possible source is unresolved cases of large hydrostatic
errors, where moderate height or temperature errors are not corrected
or flagged. Such errors should lead to other residuals of moderate
magnitude. They will generally be isolated.

There may be an isolated observation error in temperature with
undetermined cause but moderate to large magnitude. Some possible
reasons would be temporary icing on the instrument, a communications
glitch between the sonde and the ground, etc. In such cases the
hydrostatic residuals are small, the lapse rate may be unstable, and
other residuals, including the vertical residual, are large.

In many other cases, there are several levels with small to
moderate temperature errors. In such cases it may be difficult to tell
over what layers the errors extend. In such cases, the hydrostatic
residuals are small, the increments and/or horizontal residuals are
large, the vertical residuals are generally small, and the lapse rates are
stable. These small to moderate temperature errors accumulate
hydrostatically to cause height observation errors. They are detected
most clearly by the increment and horizontal checks.
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With these several causes for observation errors, the detection is
complicated. The diagnosis begins by calculating the “best” residuals
for height and temperature: linear combinations of the available
residuals. The requirements for error detection begin by testing these
“best” values against various criteria.

Temperature observation errors are considered first. The diurnal
variation and the large gradients of temperature near the earth’s
surface make error determination particularly difficult here. For that
reason, the required magnitude of the “best” residuals for errors to be
diagnosed is expanded near the surface. The factor by which they are

expanded is shown in Fig. 15. In the following, this value is referred to
as CON.

There are a number of factors that are used in determining the
presence of a temperature observation error. They are: 1) the
magnitude of the “best” residual at the data location, whether small,
moderately large, or large, 2) the magnitudes of the “best” residual and
vertical residuals at adjacent levels (telling whether the error is
isolated), and 3) the lapse rates above and below the data level. For
temperature, the “best” residual is moderately large if it exceeds 0.293
* CON * temperature increment historical standard deviation, and large

if it exceeds 0.440 * CON * temperature increment historical standard
deviation.

ps-400 ¢

ps-300 $

ps-200 &

ps-100 &

Pressure (hPa)

ps 4+

0 05 1 15 2 25 3 35 4
Constant value

Fig. 15 The variation of the constant CON with
difference in pressure from the surface
pressure.

The determination of height observation error is simpler. First,

the “best” residual is calculated. If it exceeds 0.605 * height increment
historical standard deviation, then the height is flagged as bad, and if it
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exceeds 0.403 * height increment historical standard deviation, then
the height is flagged as questionable.

8. Output produced by CQCHT96

The primary output from cqcht96 is a BUFR file of special format,
called prepbufr at NCEP. This file contains not only the initial report
but a record of all changes to the data and quality assessments. This
file is used later by the Optimal Interpolation QC data quality control
program, which quality controls several data types without the
possibility of correction) and as input to the analyses.

For monitoring purposes, there is a print file that is produced by
running cqcht96. For any reports with errors that are diagnosed, this
file contains the report, all residuals, a diagnosis of any errors and
corrections, the report after corrections if there are any, and a summary
of the information that will be placed in the prepbufr file—the so-called
events. There is also a statistical summary of all residuals for all
reports received and summary lists of the events. The information for
the examples in the next section were taken from this print file.
However, the examples will show only the necessary information. The
complete information is displayed in Fig. 16.

The first part of the printout is called the quick recognition part.
It displays information on the residuals and diagnoses in abridged form.
The residuals are grouped by height, temperature and dew-point
temperature. The numbers below are the absolute value of the
residuals, scaled so that 20 corresponds to 10 standard deviations for
the historical record of the residual. The various residuals are | -
increment, V - vertical, H - horizontal, HY - hydrostatic, and LP - lapse
rate. The value -1 signifies missing. Toward the right are error types
for each variable, P - pressure, Z - geopotential height, T - temperature,
and Td - dew-point temperature, and for each level. The normalized
baseline (BAS) and pressure increment (IPSINC) residuals are at the far
right. The pattern of residuals may be clearly seen from this table to
quickly assess errors. More complete analysis requires looking at the
hext part.

Below the quick recognition part is the body of the diagnosis. It
shows complete information on the report, including all residual values,
the surface types and category for each level. At the top is information
about the station location, date/time information, instrument type,
surface pressure, and baseline residuals. Below, by pressure, are the
values of height, temperature, dew-point temperature, and the residuals
for increment, vertical, horizontal, and hydrostatic. The hydrostatic
residual, scaled to temperature, X, is also given. In this part, missing
values are signified by asterisks. The quick recognition part and this
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part are repeated after the list of events when there are corrections. In
the example shown here, there were corrections, but the parts are not
repeated. Note that the Iapse rate classes are given only in the quick
recognition part.

The third part shows a list of the events that will be included in
the prepbufr file. It is possible that there is more than 1 diagnosis or
correction for the same datum. This list compresses the events so that
there is at most 1 event for each datum. A complete list of these
events for all stations is given at the end of the printout. There is also
a list there of all events, including possibly more than 1 for the same
datum. The list of events in Fig. 16 shows the pressure, variable (P -
pressure, T - temperature, or Z - height), quality mark (1 - good, 3 -
questionable, or 13 - bad), original value, correction, new value, level
count (including all levels), station identifier, station sequence number
in report (SQN), and date/time of the report.

There are three additional files that are produced that make
summaries at periodic intervals, usually monthly, possible. One file
contains the count of the number of stations received for each WMO
station block. A second file contains information on each events,
similar to that available within the print file. And a third file contains
information about each report received: number of levels of each
category (mandatory, significant, etc.) and the increments of height,
temperature and specific humidity at each level. Many interesting uses
may be made of this information. Section 10 shows overall
performance of cqcht96 as extracted from these results.
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STN ID: 89664 LAT: -77.85 LON: 166.67 STN HT: 24.

~-Height-~ ----Temp----- -DewP T~  ~smmwus THSC—=——=~

PRESS I V HHY I V HLPHY I V H P Z T Td BAS IPSINC

1000.0 16 12 <) ~1 -1 -1 -1 -1 -1 -1 -1 -1 0 3% 0 0 20 4
974.0 1517 -1 ~1 5 6-1 1 -1 210 -1 100 0 0 ©
973.0 -1 -1 -1 ~11119-1 4-1 2 3 -1 0 3% O 0
968.0 -1 -1 ~1~1 5 3-1 3-1 516 -1 0 36 0 0
957.0-1-1-1-1 5 2~-1 1-1 4 9-1 0o 0 31 0
934.0 -1 -1 -1 -1 6 7-1 4 -1 614 -1 o ¢ 31 0
925.0 020-1 4 1 5-1 1 0 215 -1 0O ¢ 0 o0
864.0 -1 -1 -1 -1 2 7 ~1 4-1 414 -1 0O 0 0 ©
850.0 0 1 -120 311-1 1 2 718 ~1 o 0 ¢ 0
840.0 -1 -1 -1 -1 4 9-1 1 -1 512 -1 0o ¢ 0 o0
747.0 -1 ~1 -1 ~1 7 6-1 1 -1 5 2-1 0O ¢ o ©
706.0 -1 -1 -1 -1 612 -1 4 -1 311 -1 o 0 0 0
700.0 4 3-115 419-1 1 0 9 20 -1 0O 0 0 0
638.0 -1 -1 ~1 ~«1 820-1 3 -1 & 20 -1 o 0 o0 O
500.0 6 1-1 3 3 7-1 1 3 920-1 0O 0 ¢ ¢
400.0 8 7-1 0 6 6-1 1 4-1-1 -1 0O 0 ¢ ©
349.0 -1 -1 -1 ~1 5 5-1 1-1-1-1-1 0 0 33 ¢
348,0-1-1-1-1 2 1-1 1-1~1 -1 ~1 0 0 ¢ 0
312.0-1-2-1-1 0 1-1 1-1-1-1-1 0O 0 0 o
3000 910-1 0 2 2-1 1 1-1-1-1 0 0 06 o0
291.0-1~-1-1-1 3 ¢-1 1-1-1-1-1 0 0 ¢ ¢
250.0 6 6~-1L 2 6 8-1 1 0-1-1-1 o 0 ¢ o
2010.0-1~1-1-1 3 ¢~1 1-1-1-1-1 o 0 ¢ ¢
20.0 2 0-1 1 5 4-1 1 1-1~-1~1 0O 0 33 0
150.0 0 2-1 ©¢ 1 1-1 1 0-1-1-1 o 0 ¢ ¢
100.0 0 0-1 1 1 3-1 1 1-1~1~1 0 0 ¢ 0
720.0 L 1-1 0 0 0-2 1 0-1-1-1 o 0 0 ¢
50.0 1 2-1-1 1 1-1~1-1~1=-1-1 o 0 ¢ 0O

STN ID: 89664 LAT: ~-77.85 LON: 166.67 STN HT: 24.
DATE/TIME: 97041600 DHOUR: 0.0 SCAN: 1 INST TYPE: 43
SURFACE PRESS: 8974.0 PIS: -19.3 PSINC: -17.3 BASRES: i133.

Height <-Hydr Res~-> =~—=m=m=me Temperatureg—=-——--—--: > <--Dew Point Temperature-->
PRESS ZO0B ZT 2V ZH HYDS  HYDN TOB TI v TH X TDO TDI TV TDH LST CAT
1000.0 ~279. =153, =GB, HekEtk EEEEkE EEELEEE EERRKE EAREEE EEAERE AAEENE KEEAAE RERREE EERREE RRREEE TReRkr 100 1.
974.0 24, -145.  -B2, ek kkkxsk arekk 04,1 7,3 -3,1 REEEE ksxkxs 201 3.0 5.4 *ReExx 240 Q.
Q73,0 *EERAk Akkwkd ERAARE RhkkkE Akkk&d kkriek _5 8 15,7 Q.7 *ateax axeers D8 7 3.6 1.7 FekkEs 220 2.
68,0 *HkREE Khkiih EEEEEE EEFERE EEEERE KREERE 74 ] 7.7 1.6 **keki wkxksx  _33 ] -7.7 -8,3 teerx: 220 2.
OG7.0 *Ea*kd FEEkEd KERIEE REFAEE REARRE RhEREX ]G ] 7.2 1.2 wEEERE kkewxx 2] 1 5.2 5.1 *kkxxx 220 3,
034, *ikkks kEEREE EkEEEE AAFEEE TEEAEE kAEEEE  _]5 G 7.4 4.1 wxetes kexerx 187 8.3 7.8 #x¥xxt 220 2.
925.0  547. 0. 62, ¥tkrex g, . =217 1.7 -2.8 *rrrsx 0] 30,7 -3.6 8.6 *t*xxr 120 1,
8640 trekEr AkkREE kErAhE EERELE RANLER KREEEE 10 O 2.6 3.0 #trkEr xrex: _20.4 3.9 8.1 *r*xxt 220 2.
850.0 1163.  -4. 5, kEkExx  _50, -3, -26.7 ~3.5 6.2 **xwt 1.2 31,7 -6.8 ~1D.4 *Ariks 130 1,
8400 *EEAEE AkEREE KEFAEE EEXRAE KERERE REREEA 10§ 4.2 5.} ktERkt akeer:  _20.3 5.1 6.8 rxxxxx 230 2.
FAT 0 FEEEEE KEEEE LERAFEE EXAERR KERERE RREEEE  _2D.Q 5.9 2.7 wrkeEE kxxkrx 25 G 4.1 D.Q xxxxxe 220 2.
FOB.Q *:eaks Erkadh ERrAEk AeAERE AEEEEE LREREE DG T 4.8 5.0 EEERKE *kERE:  _28 D 3.1 4.7 trexxx 220 2.
700.0 2537, ~26. -8, *ksExx  _gg. . -34.9  -3,5  -7.7 *tser .01 30,0 ~7.4 -1L.1 *ReExs 130 1,
GIB. 0 AEREEE kbEkER EREREE KXEEEE KREEEE AREERE 28 ] 7.2 Q.1 kdessr FxaEa: 28 7 6.6 12.4 tixies 220 2.
500.0 4830. -51. -6, ***kx% -8 -8, -45.7 -2,6 2,9 **k&x+ 2.3 507 -7,5 -11.2 *ksxxe 3130 3,
400.0 6280. ~86. -27. kEsxx “1. =15, =54.3 =5.4  =3.1 *EAEEE  _3 7 KEREEE CEREEE EEEREE RERERR 1.
340, *kTkkE kkdkdk ThEhAh khdEhk EbkEkEEk Akkkkk -58.1 -5.0 =30 kEExkd xkkdkdk Akbhhd k¥ EE Ak EARR AAkREAALERE 5.
34Q_ 0 AEEEE kEkERE REakkk REAREE RFELEE ARERXRE  _55 ] -2 0 D0 AEAREE kEEkEE REkERE KERREE RRAEE RREREE 220 D,
1.0 AREEEE RENAEA RAKEEE KEAKAK ARAEER ARERRE G5 7 0,3  —(0.0 tEREE TEEREE FEEREE AENEEE EREEER EEEEEX D20 2.
300.0 8110, =-108. -44, **#££x 3, -3, 53,7 2,3 1,2 *EkesE ] ] BEERkE XRENER KEekks kkekes 130 3,
Q] AEEREE EEREER REEEEE ERAEEE RAKEER AkkEkE  _§3 ] 2.0 Q.4 *ErERE KERkEE RERAEE RARREE KRRREX kikEkk 220 2.
250.0 9290, -85.  ~27, texxes 13, 3. -49.3 6.7 4.9 kesuax LQ REREE SRERAK RkRAER Rkkkkk 330 1,
201.0 *Fdxks kkdkkkd kbdkdh hkdddh Ak A&LE EEEREE -50.3 3.9 =07 Frkkkk kkddkkEk kkhdhkdk dhbdhbd XAXdEA kdakEh 220 2.
200.0 10760, -37. -4, *xexxs 5. 5. =47.9 6.2 3,5 FEEEEE ] D sREkEE dEERER SRerEs kkkekr 130,
150.0 12660. 4, 20, EeErer 3. -3 48,3 2,3 1,3 #ekrsx (3 sRErEx areks skexkk seees 130 ],
100.0 15310.  -2. 8, ®rsr  _p . 9, -51,1 2,2 -2.4 MEAEER ] 7 EREEER kkRERR ERekEe Rkkxss 130 ],
70.0 17610. =31, =14, **#£xx o] -1, =52,9 0.9 0.2 #EEAEE (3 AkAEEk kkExak kkEkkE kkRE&k ]300 1,
S0.0 19760. —-43, =27, *hikkk xknkE sAEkEE 6.5 1.4 .2 FEEERE KEEEEE AEENEE RERARE KANAEE Hekeks 140 1.
PRESSURE VAR IETYP QMARK ORIG-VAL COR  NEW-VAL LEVEL LEVTYP STATION SN DATE
974.0 P 100 1. 974.0 17.3 991, 2 1 89664 2. 97041600
638.0 T 20 1. -+ -28.1 -10.0 -38.1 14 4 89664 2. 97041600
1000.0 2 36 13, -179.0 0.0 =179.0 1 3 895664 2. 97041600
747.0 T 31 3. -22.9 0.0 -22.9 11 4 89664 2.- 97041600
706.0 T 31 3 -26.3 0.0 -26.3 12 4 89664 2. 97041600
400.0 T 32 3 ~54.3 0.0 -54.3 16 2 89664 2. 97041600
400.0 Z 37 E] 6280.0 0.0 6280.0 16 r4 89664 2. 97041600
300.0 Z 37 3 8110.0 0.0 8110.0 20 2 89664 2. 97041600
250.0 T 32 13 ~49.3 Q.0 -49.3 22 2 89664 2. 97041600

Fig. 16 Standard print output for a report with errors, containing quick-
recoghnition part, main part, and list of events that will be included in
prepbufr file.

9. Examples of operation of CQCHT96

Several examples are given to illustrate the operation of cqcht96,
first showing elementary corrections, then more complicated
corrections and observation errors. The first example, Fig. 17, shows a
correction to a single height. The values for the observation and each
check are separated. For each check, the value for height is first,
followed by the value for temperature. The value of the hydrostatic
residual applies between the level at which the value is placed and the
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hext (complete) mandatory level above. Highlighted values indicate
large residuals. Note the negative influence of the bad height value
upon the vertical checks at 150 and 70 hPa. The correction in this case
is -600, which is simple. The values after the correction are shown
below and the highlighted values are now small.

CORRECTION TO SINGLE HEIGHT
Sth: 40754 Date: 97020600

INITIAL PROFILE

observed hyd resid increment horizontal vertical

pres z | T T z | T z | T z | T

200 | 11790 -41.3 2 3.4 -11 2.4 1.3

150 [ 13690 -54.3 4 -1.4 -6 -1.5 1.6

119 -61.9 -1.6
- 100 | & -63.7 1.5

90.8 -68.1 -2.9

71.3 -62.5 2.4

70 18390 -63.5 -8 0.8

¢
l 100 hPa height correction: -600m |
{
CORRECTED PROFILE
corrected hyd resid increment horizontal vertical

pres z | T T z | T z | T z | T

200 11790 -41.3 2 3.4 11 2.4 7 1.3

150 13690 -54.3 4 -1.4 -6 -1.5 5 -1.6

119 -61.9 -1.8 -1.6

100 -63.7 o= 0.3 1.5

90.8 -68.1 -2.1 -2.9

713 -62.5 3.6 2.4

70 18390 -63.5 -8 4 2.5 - | 0.8

Fig. 17 Correction to a single height at station 40754 for 00 UTC 6
February 1997. A simple correction of -600 m is applied.



The next example, shown in Fig. 18, shows a correction to a single
temperature at 200 hPa. The hydrostatic residuals (Xs, actually)
indicate an error of exactly 31.5 degrees. The simple correction near
this value, -30.0, is applied. The corrected profile and the new residual
values is shown below.
CORRECTION TO SINGLE TEMPERATURE
Stn: 96163 Date: 97020600

INITIAL PROFILE

observed hyd resid increment horizontal vertical
pres z | T z | T z | T z z |
300 | 9590 -35.3 1.8 -52 -1.6 -30 -22
250 | 10840 -44.3 -23 -9
200 | 12290 =2 -29 -14
150 |14060 -67.9 -27 -27
{
| 200 hPa temperature correction: -30.0 deg |
'
CORRECTED PROFILE
corrected hyd resid increment horizontal vertical
pres z | T z | T z | T z | T z | T
300 | 9590 -35.3 1.8 52 16 30 -1.1 22 -1.1
250 | 10840 -52 -23 -9 08
200 | 12290 -60 -29 -14 -1.1
150 | 14060 -67.9 -0.2 -70 -0.3 -27 0.7 -27 O

Fig. 18 Single temperature correction at 200 hPa for station 96163 at
00 UTC 6 February 1997.

Much more complicated corrections are possible with cqcht96.
Fig. 19 shows such a case. Careful examination indicates that there
were two errors made at 700 hPa: a temperature communication error
of about -40. degrees and a computation error of 200-250 m between
850 and 700 hPa. The corrections that were made fit this pattern, but
they were actually made in two steps. When the examination for errors
reached 700 hPa, the height and temperature at this level were
corrected (by 220 meters and 40.0 degrees). At this point, the only
remaining error would appear to be a computation error between 700
and 500 hPa, and just such an apparent error was corrected next. The
residuals after the corrections are all small.
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TEMPERATURE AND HEIGHT CORRECTIONS TO SINGLE LEVEL
COMPUTATION ERROR CORRECTION
Stn: 52495 Date: 97020600

INITIAL PROFILE

observed hyd resid increment horizontal vertical
pres z | T z | T z | T z | T z |
870 | 1329 -14.7 3 -4.9 6
850 | 150 -8.5 -
700 7€ -55.5
500 -29.5
300 -53.1
250 -57.1
234 -59.3
200 -58.3
150 -53.3
100 -53.9 70
700 hPa height correction: 220m
700 hPa temperature correction: 40.0 deg
500-100 hPa height corrections: 200m
CORRECTED PROFILE
corrected hyd resid increment horizontal vertical
pres z | T z | T z | z | T z
870 | 1329 -14.7 3 6
850 | 1502 -8.5 -4 12 67
700 ' 0 -164
500 0.1 -66
300 1.8 -55
250 2.0 -47
234
200 -0.4 -62
150 1.7 -50
100 -1.1 -76

Fig. 19 Compound corrections: temperature communication and
computation errors at the same level. Data from station 52495 for 00
UTC 6 February 1997.

Fig. 20 shows an example of a correction at the top mandatory

level. At such a level, only the hydrostatic residual below is available,
so that the necessary correction(s) is(are) ambiguous. There may be a
correction to height, temperature or both required. Other residuals

must be used to determine what to correct. In this case, the
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temperature is corrected by 20.0 degrees. The profile and the resultant
residuals is shown below. All residuals become acceptable.

CORRECTION TO TOP LEVEL TEMPERATURE
Stn: 42667 Date: 97020600

INITIAL PROFILE

obhserved hyd resid increment horizontal vertical
pres z | T z | T z | T z | T z |
250 (10810 -42.1 66 20 -71 -1.5 -29 -1.7 -15
216 -49.1
200 |12280 5 -84 -41 -44
187 -59.9
4
| 200 hPa temperature correction: 20.0 deg |
|
CORRECTED PROFILE
corrected hyd resid increment horizontal vertical
pres z | T z | T z | T z | T z | T
250 (10810 -42.1 66 1z -71 -1.5 -29 -1.7 -15 -0.7
216 -
200 [12280 -84 -41 -44
187

Fig. 20 Correction to the top mandatory level data—temperature. The
data are from station 42667 for 00 UTC 6 February 1997.

A more complicated case is shown in Fig. 21 where 3

communication errors and a computation error, affecting 2 levels, are
corrected. The figure only shows the necessary parts of the profile. At
925 hPa there is a height error. Since it is separated vertically from the
other errors, it is easily solved as an isolated height error. There are
also temperature errors at 288 and 176 hPa. The temperature error at
228 hPa is diagnosed to be a communication error, and therefore
correctable, because of the large hydrostatic residual for the 300-250
hPa layer. The temperature at 176 hPa is similarly corrected, but only
after the computation error between 250 and 200 hPa is corrected and
a large hydrostatic residual remains. Note that all the corrections are
simple: 750 to 790, 11.3 to -41.3, 11790 to 11990 (and 13640 to
13840), and 51.4 to -51.4. The corrections are not always simple, but
the majority are.
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MULTIPLE CORRECTIONS
Stn: 42314 Date: 97020600

INITIAL PROFILE

observed hyd resid increment horizontal vertical

pres T z | T P T z | T z | T
1003 14.8 -0.2 -15 0.0
1000 14.6 -0.3 -0.3
925 11.4 0.7 0.4
924 11.4 0.7 0.4
850 | 1498 8.4 4 -30 -0.6 16 -0.5
300 | 9270 -41.7 -71 -2.9 -24

288

250 51

212

200 -151

176

150 -131

925 hPa height correction: 40m (communication)
288 hPa temperature correction: -52.6 deg
200 hPa height correction: 200m (computation)
150 hPa height correction: 200m {(computation)
176 hPa temperature correction: 102.8 deg
CORRECTED PROFILE
corrected hyd resid increment horizontal vertical

pres z | T z | T z | T z | T z | T
1003 111 14.8 -40 -0.2 : -15 0.0
1000 | 138 14.6 -38 -0.3 8 -0.3
925 7 11.4 0.7 = 0.4
924 11.4 0.7 0.4
850 | 1498 8.4 4 -30 -0.6 16 -0.5
300 | 9270 -71 -2.9 -24

288

250 (10500 -41.5 51

212

200 -151

176 ¢
150 -2.4

-131

Fig. 21 Multiple corrections at a single station, 42314 at 00 UTC 6
February 1997. The corrections are for two temperature errors, a
height communication error and a computation error.
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There are several different possible baseline errors. Fig. 22
shows the simplest of these to correct, a surface pressure
communication error correction. The surface pressure increment (PIS) is
large and agrees with the baseline residual in terms of pressure (PSINC).
Likewise, the baseline residual (BASRES) is large and agrees, with
opposite sign, with the increment of height at the surface (965 hPa). A
correction of 20.0 hPa is made and the lower part of the figure shows
the resulting data and residual values.

SURFACE PRESSURE COMMUNICATION ERROR CORRECTION
Stn: 61052 Date: 97022800

INITIAL PROFILE

PIS 2 PSINC: : :
observed hyd resid increment horizontal vertical
pres z | T z | T z | T z | T T
1000 65 -12
965 233 2738 ; -3.1
925 778 28.3 -7 0.4
+
| surface pressure correction: 20.0 hPa |
‘
~ CORRECTED PROFILE
PIS: 23 PSINC:
corrected hyd resid increment horizontal vertical
pres z | T z | T | T z | 17T | 2z | T
65 94
233 27.8 -4.1 23 3.1
778 283 -7 -1.8 87 0.4

Fig. 22 Surface pressure communication error correction for station
61052 at 00 UTC 28 February 1997.

The final example, in Fig. 23, shows the most usual type of
observation errors. Throughout most of the profile there is a fairly
small negative temperature increment. When accumulated over a
considerable depth of the atmosphere, this leads to large height
increments. In cases like this, the question is which levels of height
and which levels of temperature to flag. The way that cqcht96 is
presently configured, it flagged the 150-20 hPa heights only. This is
certainly not correct since the heights cannot be bad except through
the influence of bad temperatures. But which should be flagged?
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OBSERVATION ERRORS, SEVERAL HEIGHTS
Sth: 43371 Date: 97022800

DATA PROFILE

observed hyd resid increment horizontal vertical

pres z | T z | T z | T z | T z | T
1004 64 23.8 -1 -3.9 -2 -1.4
1000 | 102 236 1 2 -3.8 2 -1.2
925 781 18.8 0 2 2.2 0 -0.3
902 17.6 -1.7 -0.2
874 16.4 -1.5 -0.3
850 | 1504 16.0 0 3 -1.3 4 -0.5
803 14.3 -0.4 1.3
705 4.6 -4.4 -2.0
700 3121 4.8 -3 -5 -4.0 3 -1.3
678 5.8 -2.0 0.5
600 1.3 -2.0 -0.5
2.1 -0.6

2.3 -0.2

4 -30 -3.2 -8 -1.6

-3 -49 -2.5 -12 -1.2

-1.8 -0.2

1 71 27 17 -1.0

1 -88 -4.2 -15 -1.8

-5.7 -2.5

-4 -4.8 27 -1.4

6 -3.5 -50 -1.3

-5.5 -2.9

1 -5.1 -46 -1.4

-8.0 -5.0

-2 -5.3 -78 -1.6

8 -3.8 -0.4

5 -1.8 -92 -1.0

-0.1 -98 -1.3

3.4 3.6

-0.7 -108 -1.6

0.7 1.1

-0.9 -1.1

150-70 hPa heights questionable
70 hPa height bad
30-20 hPa heights questionable

Fig. 23 Observation errors at several levels for station 43371 at 00 UTC
28 February 1997

‘In other examples, the temperature increments are large, with
possibly reversing sign, only over a range of pressures and good
elsewhere. This may lead to heights that likewise have large
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increments only over a limited pressure range. It seems reasonable,
however, that if bad temperatures at any level lead to a bad height,
then all heights above should also be flagged. While the present
version of cqcht96 does not operate this way, perhaps it should in the
future.

10. Performance of CQCHT96 for January 1997

Previous monitoring efforts of rawinsonde quality were reported
in Morone, et al, 1992. The result reported here apply to January 1997
when there were an average of 587 land stations and 9 ships with
rawinsonde reports available at OO and 12 UTC to NCEP. At 00 UTC
there were somewhat more reports (616 land and 8 ship), compared to
12 UTC (558 land and 9 ship).

Table 2. Percent Distribution of Error Suspicions for Land Stations,
Percent of Land Stations Having One or More Error Suspicions
and Average Number of Land Stations with One or More
Error Suspicions by Type

Percent Percent

Error Type of total of sths Number

height at one level 3.4 2.0 11.5
temperature at one level 1.4 .8 4.8
height and temperature 1.8 1.0 6.1
top or lower hole boundary 1.7 1.0 5.7
computation error in height ' 5.7 3.3 19.2
2 heights 2 1 7
2 temperatures 2 N .6
lower height, upper temperature A 0 2
lower temperature, upper height 1 .0 2
significant level temperature corr. 4.2 2.4 14.2

" sig. level temperature, not corrected 1.9 1.1 6.4
observation error (T or z) 77.8 44.6 261.9
surface press. Communication error g 4 2.4
surface temperature error .2 N .6
surface undetermined error 4 3 1.5

-_surface press. observation error R .0 .2
TOTAL 100. (57.2) (336.2)

Table 2 shows the distribution of errors among the various types.
The first column, percent of total, gives the distribution among the
error types, and sums to 100%. The next column tells the percent of
stations containing, on average, a particular type of error. For most
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error types, there are only a few percent of the stations that have them.
However, for observation errors, about 45% of stations have at least 1.
These numbers cannot strictly be added since a station may have more
than one kind of error. The last column converts the percent of
stations with a particular error type into a number of stations. This
number is just the % times 587.
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Height Increment Statistics
00 UTC 3 March 1997
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Fig. 3 Height increment mean and standard
deviation for all stations for a single time: 00
UTC 3 March 1997.

Temperature Increment Statistics
00 UTC 3 March 1997
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next (complete) mandatory level above. Highlighted values indicate
large residuals. Note the negative influence of the bad height value
upon the vertical checks at 150 and 70 hPa. The correction in this case
is -600, which is simple. The values after the correction are shown

below and the highlighted values are now small.

CORRECTION TO SINGLE HEIGHT

Stn: 40754 Date: 97020600

INITIAL PROFILE

observed hyd resid increment horizontal vertical
pres z | T T z | T z | T z | T
200 {11780 -41.3 2 3.4 -11 2.4 1.3
150 {13690 -54.3 4 -1.4 -6 -1.5 -1.6
119 ~-61.9 -1.8 1.6
100 0. -63.7 0.3 1.5
920.8 -68.1 -2.1 -2.9
71.3 -62.5 3.6 2.4
70 18390 -63.5 -8 4 2.5 0.8
|
| 100 hPa height correction: -600m |
CORRECTED PROFILE
corrected hyd resid | increment horizontal vertical

pres z | T z | T z | T z | T | T

200 [11790 -41.3 2 2 3.4 -1 2.4 1.3
150 |13690 -54.3 4 -1.4 -6 1.5 -1.6
119 ~-61.9 -1.8 -1.6
100 1637 0 0.3 1.5
20.8 -68.1 -2.1 -2.9
71.3 -62.5 3.6 2.4
70 118390 -63.5 -8 4 2.5 0.8

Fig. 17 Correction to a single height at station 40754 for 00 UTC 6
February 1997. A simple correction of -600 m is applied.
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The next example, shown in Fig. 18, shows a correction to a single
temperature at 200 hPa. The hydrostatic residuals (Xs, actually)
indicate an error of exactly 31.5 degrees. The simple correction near
this value, -30.0, is applied. The corrected profile and the new residual
values is shown below. '«
CORRECTION TO SINGLE TEMPERATURE
Stn: 96163 Date: 97020600

INITIAL PROFILE

observed hyd resid increment horizontal vertical
pres z | T z | T z | z | T z |
300 | 9590 -35.3 1.8 -52 -30 -1.1 -22
250 (10840 -44.3 3150 52 -23 0.2 -9
200 26,5 | Bl 60 29 292 -14
150 | 14060 -67.9 -0.2 -70 -27 0.7 -27
‘
| 200 hPa temperature correction: -30.0 deg |
R
CORRECTED PROFILE
corrected hyd resid increment horizontal vertical
pres z | T z | T z | z | z |
300 | 9590 -35.3 1.8 -52 -30 -22
250 | 10840 -44.3 -52 -23 -9
200 | 12290 (565 -60 -29 -14
150 | 14060 -67.9 -0.2 -70 -27 -27

Fig. 18 Single temperature correction at 200 hPa for station 96163 at
00 UTC 6 February 1997.

Much more complicated corrections are possible with cqcht96.
Fig. 19 shows such a case. Careful examination indicates that there
were two errors made at 700 hPa: a temperature communication error
of about -40. degrees and a computation error of 200-250 m between
850 and 700 hPa. The corrections that were made fit this pattern, but
they were actually made in two steps. When the examination for errors
reached 700 hPa, the height and temperature at this level were
corrected (by 220 meters and 40.0 degrees). At this point, the only
remaining error would appear to be a computation error between 700
and 500 hPa, and just such an apparent error was corrected next. The
residuals after the corrections are all small.
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TEMPERATURE AND HEIGHT CORRECTIONS TO SINGLE LEVEL
COMPUTATION ERROR CORRECTION
Stn: 52495 Date: 97020600

INITIAL PROFILE

observed hyd resid increment horizontal vertical
pres z | T z | T z |
870 | 1329 -147
850 | 1502 -85
700 -55.5
500 -29.5
300 -53.1
250 860 1 -57.1
234 -59.3
200 5 -58.3 -0.4 -62
150 53.3 1.7 -50
100 53.9 -1.1 -76
700 hPa height correction: 220m
700 hPa temperature correction: 40.0 deg
500-100 hPa height corrections: 200m
CORRECTED PROFILE ,
corrected hyd resid increment horizontal vertical
pres z | T z | T z | T z | T z | T
870 1329 -14.7 3 -4.9 6 -4.3
850 4 -0.9 12 04 67 2.1
700 20 L2 -164 A6
500 -0.1 -66 0.6
300 1.8 -55 0.5
250 2.0 -47 0.7
234 -1.3
200 -0.4 -62 -0.1
150 1.7 -50 2.2
100 -1.1 -76 -0.2

Fig. 19 Compound corrections: temperature communication and

computation errors at the same level. Data from station 52495 for 00
UTC 6 February 1997.

Fig. 20 shows an example of a correction at the top mandatory
level. At such a level, only the hydrostatic residual below is available,
so that the necessary correction(s) is(are) ambiguous. There may be a
correction to height, temperature or both required. Other residuals
must be used to determine what to correct. In this case, the
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temperature is corrected by 20.0 degrees. The profile and the resultant
residuals is shown below. All residuals become acceptable.

CORRECTION TO TOP LEVEL TEMPERATURE
Sth: 42667 Date: 97020600

INITIAL PROFILE

observed hyd resid increment “horizontal vertical
pres z | T z | z | T z | T z |
250 |10810 -42.1 66 71 -1.5 -29 -1.7 -15
216 -49.1 -1.3
200 |12280 743 -84 226 -41 -44
187 -59.9 -4.6

| 200 hPa temperature correction: 20.0 deg |
CORRECTED PROFILE

corrected hyd resid increment horizontal vertical
pres z | T z | T z | T z | T z | T
250 [10810 -42.1 66 71 15 29 17 15 0.7
216 -1.3
200 |12280 -84 -41 -44
187 -4.6

Fig. 20 Correction to the top mandatory level data—temperature. The
data are from station 42667 for 00 UTC 6 February 1997.

A more complicated case is shown in Fig. 21 where 3
communication errors and a computation error, affecting 2 levels, are
corrected. The figure only shows the necessary parts of the profile. At
925 hPa there is a height error. Since it is separated vertically from the
other errors, it is easily solved as an isolated height error. There are
also temperature errors at 288 and 176 hPa. The temperature error at
228 hPa is diagnosed to be a communication error, and therefore
correctable, because of the large hydrostatic residual for the 300-250
hPa layer. The temperature at 176 hPa is similarly corrected, but only
after the computation error between 250 and 200 hPa is corrected and
a large hydrostatic residual remains. Note that all the corrections are
simple: 750 to 790, 11.3 to -41.3, 11790 to 11990 (and 13640 to
13840), and 51.4 to -51.4. The corrections are not always simple, but
the majority are.



MULTIPLE CORRECTIONS
Stn: 42314 Date: 97020600

INITIAL PROFILE

observed hyd resid increment horizontal vertical

pres z | T z | T z | T z | T |
1003 | 111 14.8 -40 -0.2 '

1000 | 138 14.6 -38 -0.3

925 11.4 79 07

924 11.4 0.7

850 | 1498 8.4 4 -30 -0.6 16

300 | 9270 -24

288

250 51

212

200 -151

176

150 -131

925 hPa height correction: 40m (communication)
288 hPa temperature correction: -52.6 deg
200 hPa height correction: 200m (computation)
150 hPa height correction: 200m (computation)
176 hPa temperature correction: 102.8 deg
CORRECTED PROFILE
corrected hyd resid increment horizontal vertical

pres z | T z | T z | T z | T z | T
1003 | 111 148 -40  -0.2 -15 0.0
1000 | 138 14.6 -38 -0.3 8 -0.3
925 | 790 11.4 36 0.7 121 04
924 11.4 0.7 0.4
850 | 1498 8.4 4 -30 -0.6 16 -0.5
300 | 9270 -41.7 -24

288 413

250 51

212

200 -151 A
176 2.5
150 -131 -2.4

Fig. 21 Multiple corrections at a single station, 42314 at 00 UTC 6
February 1997. The corrections are for two temperature errors, a
height communication error and a computation error.
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There are several different possible baseline errors. Fig. 22
shows the simplest of these to correct, a surface pressure
communication error correction. The surface pressure increment (PIS) is
large and agrees with the baseline residual in terms of pressure (PSINC).

Likewise, the baseline residual (BASRES) is large and agrees, with
opposite sign, with the increment of height at the surface (965 hPa). A
correction of 20.0 hPa is made and the lower part of the figure shows
the resulting data and residual values.

SURFACE PRESSURE COMMUNICATION ERROR CORRECTION
Stn: 61052 Date: 97022800

INITIAL PROFILE

observed yd resid horlzontal vertical
pres z | T z | T z | T T
1000 65

965 233 27.8
925 778 28.3 -7

| surface pressure correction: 20.0 hPa |

|

_CORRECTED_PROFILE

PIS: 2
corrected hyd resid horizontal vertical
pres z | T z | T z | T z |
1000 65 94
5] 233 278
925 778 28.3 -7 87

Fig. 22 Surface pressure communication error correction for station
61052 at 00 UTC 28 February 1997.

The final example, in Fig. 23, shows the most usual type of
observation errors. Throughout most of the profile there is a fairly
small negative temperature increment. When accumulated over a
considerable depth of the atmosphere, this leads to large height
increments. In cases like this, the question is which levels of height
and which levels of temperature to flag. The way that cqcht96 is
presently configured, it flagged the 150-20 hPa heights only. This is
certainly not correct since the heights cannot be bad except through
the influence of bad temperatures. But which should be flagged?
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OBSERVATION ERRORS, SEVERAL HEIGHTS

Stn: 43371 Date: 97022800

DATA PROFILE

observed hyd resid increment horizontal vertical

pres z | T z | T z | T z | T z | T
1004 64 23.8 -1 -3.9 -2 -1.4
1000 | 102 236 1 2 -3.8 2 -1.2
925 781 18.8 0 2 2.2 0 -0.3
902 17.6 -1.7 -0.2
874 16.4 -1.5 -0.3
850 | 1504 16.0 0 3 -1.3 4 -0.5
803 14.3 -0.4 1.3
705 4.6 -4.4 2.0
700 | 3121 4.8 -3 -5 -4.0 3 -1.3
678 0.5
600 -0.5
584 -0.6
515 -0.2
500 -8 -1.6
400 -12 -1.2
345 -0.2
300 -17 -1.0
250 -15 -1.8
211 -2.5
200 -27 -1.4
150 -50 -1.3
112 2.9
100 . . -46 -1.4
78.6 -83.2 -8.0 -5.0
70 . -2 -5.3 -78 -1.6
68.6 -76.5 8 -3.8 -0.4
50 5 -1.8 -92 -1.0
30 . -0.1 -98 -1.3
26.5 -52.9 34 3.6
20 |26040.1 -50.1 : 108 -1.6
17.9 -47 .9 0.7 1.1
13.9 -49.3 -0.9 -1.1

150-70 hPa heights questionable
70 hPa height bad \
30-20 hPa heights questionable

Fig. 23 Observation errors at several levels for station 43371 at 00 UTC
28 February 1997

elsewhere. This may lead to heights that likewise have large

In other examples, the temperature increments are large, with
possibly reversing sign, only over a range of pressures and good
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increments only over a limited pressure range. It seems reasonable,
however, that if bad temperatures at any level lead to a bad height,
then all heights above should also be flagged. While the present
version of cqcht96 does not operate this way, perhaps it should in the
future. ' :

10. Performance of CQCHT96 for January 1997

Previous monitoring efforts of rawinsonde quality were reported
in Morone, et al, 1992. The result reported here apply to January 1997
when there were an average of 587 land stations and 9 ships with
rawinsonde reports available at 0O and 12 UTC to NCEP. At 00 UTC
there were somewhat more reports (616 land and 8 ship), compared to
12 UTC (558 land and 9 ship).

Table 2. Percent Distribution of Error Suspicions for Land Stations,
Percent of Land Stations Having One or More Error Suspicions
and Average Number of Land Stations with One or More

‘ Error Suspicions by Type

, Percent Percent
Error Type : of total. of stns Number

height at one level: 3.4 2.0 11.5
temperature at one level 1.4 .8 4.8
height and temperature 1.8 1.0 6.1
top or lower hole boundary 1.7 1.0 5.7
computation error in height 5.7 3.3 19.2
2 heights : 2 1 7
2 temperatures 2 A .6
lower height, upper temperature 1 0 2
lower temperature, upper height B .0 2
significant level temperature cofr. 4.2 2.4 14.2
~sig. level temperature, not corrected 1.9 1.1 6.4
observation error (T or 2) 77.8 - 446 261.9
surface press. Communication error 7 4 2.4
surface temperature error .2 A .6
surface undetermined error 4 3 1.5
surface press. observation error A .0 2
TOTAL } 100. (57.2) (336.2)

" Table 2 shows the distribution of errors among the various types.
The first column, percent of total, gives the distribution among the
error types, and sums to 100%. The next column tells the percent of

stations containing, on average, a particular type of error. For most
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error types, there are only a few percent of the stations that have them.
- However, for observation errors, about 45% of stations have at least 1.
These numbers cannot strictly be added since a station may have more
than one kind of error. The last column converts the percent of
stations with a particular error type into a number of stations. This
number is just the % times 587.
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